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ON NONLINEAR PRESSURE COUPLING IN CYLINDRICAL SHELL ANALYSIS

ABSTRACT
-Two well known ﬁhin shell theories ﬁre used to evaluate .and compare
shears and moments at the juncture of two pressurized cylindrical shells.
. For highdy pressurized cylinders with large radius-thickness ratios the
numerical results indicate that nonlinear cduplipg.effects‘of'pressure

significantly influence computed values of discontinuity shears and moments.

1. INTRODUCTION

Many structural problems in the aerospace industry involve highly pres-
surized shells with large fadius-thickness ratios, and under these circum-
stahces, as suggested by Hetenyi (1)} the coupling effects of préssure often -
have & significant»influénce on -discontinuity shéars, monments, and sfrésses.
Accordingly, a number of investigations hafe recently been focused on this
problem for pressurized éylindrical (2-8), spherical (9-10), and arbitrary
shells of revolution (11). For interhally preséurized shells, comparisons
made between discontinuity analyses. that includgrand neglect thé éoﬁpling'
effecfs ofAmeridional load (7; 8) imply that use of the refined method gen-
erally yields lower celculated maximum stresses and results in a ligﬁter-
weight.structure.

In this report two well known thin shell theories are used to évaluate
and compare shears and moments at the-juncture of two pressurized cylindrical
shells. For thin highly pressurizéd cylinders the numerical fésults indicafe'
that nonlinear coupling effects of pressure have a significant influence on

computed values of discontinuity shears and moments.

* Numbers in parentheses designate references listed in the Bibliography.




2. NOMENCLATURE

radius of shell middle surface

. a =
A, B = constants of integration
e 3 ae 3
D = flexural rigidity, Eh” /12(1-z2)
E = modulus of elasticity
h = ‘shell thickness

i = Va1

k = shell parameter, Eh/e?

m = nondjznens-ional'lpad‘parameter ' | |

My Q . = moment end shear at discontimuity neglecting N _%’
M 'QN - moment and. shea at disgontimiity including N,_ i ¥
Nx' = axial .stress resuitant, éositive vhen teﬁsile |

P - = internal pressuré ‘ ‘ |

w v | = radial deﬂect'ion meas_’ured positive inward

wc, 'wp = complementary and particular solutions, respegtively
x ‘ = a&cial ‘coordinate

o B, E, yA = parameters entering into complementary solution

51; b2 = merbrane expansions given by Eq. [T]

1 = shell thicléness ratié, h1/h=

 CRE = shell paremeter, k/LD

v = Poisson's ratio

3. THEORY

The differertial equation that governs small exisymmetric displacements of
thin cylindrical shells may, with the notation in the Nomenclature, be written

in the form (12)
. N '
2 .
d:-l» Ef"w:.p+v'ax [1]
ax a

&#w
D —2 .
ot N,




In many discontimuity amalyses (13) it is permissible, as verified by test re-
sults (1k, 15), to delete the pressure coupling term N, _ig_ from Eq. [1].
However, by parametric ‘evaluation of a simple pi‘oblem, it will be demonstrated
that this simplification process is not generally valid for highly pressurized
cylindrical shells with large radius-thickness ratios.

The general solution of Eg. [1] for a semi-infinite cylindrical shell is

vell known (1) and may be expressed in the form

.w=wc+vp ‘ (2]
W T e —— (P~ '

A = v ) : 3

N <2vkD, w, = = (A sin Bx +-B cos Bx) .
N, = 2VED , v, = e Y% (A + Bx) - (4]

N_>2ViD, v_ = e™@X (A sinh Bx + B cosh Bx)

and - . :

'Nx' - N o ;
a= 12+——’S=._i-5=‘l2_—'——-,y'= —— [5]

kp

L. ANALYSIS

Figure 1 shows a longitudinal section of the juncture of two semi-iﬁfiﬁite
cylindrical shells that are subjected to internal pressuré P. Teke h, <h,
and let x, and x; be direc‘f:ed 25 shown. With the compatibility 'a.nd equilibrium
conditions at the juncture, alorg with Egs. [2-5], it may be shown that the dis-
contimiity moment MN and shear Q_I;,act as shown in Fig. 1 and can be expressed
in the following form: , .

2, 2 2 2

2D1D2)‘1 )‘2 (Dzlz = 1>\ ><51‘62>

2 2.2 2 2 K 2 2

X
<D1>‘1 + DA, ) + 2 Dm0, Qq * >+ > (Dl)H + DA, > 61
‘ 6
2.2 2 2
4D D0 Ap [‘3’1}2 D+l Dy 4 %— (ax + aa)] (51 - 53)

] (Dl)\lz.,.»l)a)\az)e : 213_11)2011(12 ()12"' )":> + I;x @ll}"’ Dzl:>
3
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where
N .
6. = £ (p-v x); i=1,2
1 Ehs a
7]
N =_P&
x 2

and the subscript i (i =1, 2) denotes quantities evaluated in the region
0 <x; $® . When written in their present fohn, Egs. [é] are valid for all values
of N, . ‘ _

If effects of pressure écupling are neglec‘t;ed the moment MO and shear Qo

at the discon‘ci_nui‘by nay, by suitable reduction of Egs. [6], be shown to be

enlnaha)%e(Dz?‘az' D:.A'J.z)(al : 62) ‘
<D1)‘12+ DQ.f)E + 2D, DA, (’&a"' Azé—)— '

[8l

a_ 3 '
% - I DAy Ap <D1>‘1 + Dz,"z) (61 - 52) ‘
-7 2 2\ 2 2 2
(Bi2q + DAz > + 2D, DA, Q‘I + A, ) :
Egs. [8] agree vith results given earlier by Johns (13, 1L). -
_ An interestirg cuantitative comparison of these results may 'b.e' obtained by

M Q
forming the dimersionless ratios —N and _Q_ as follows:

o] . Qy

My (@) + 2 (1)
Mo~ (1) + on” () V (Tem)(1emn ) + 2u (24m) .

: ' 9
Q0 - ' 1+ ns/z ' . MO ’
oK (1+&m2)‘/, 1+m+ nﬁ/g(lj!-&n)v 1+mm &’

vhere
2
71=‘1%: m___v3(1;_1)) pa.a [10]

Eh

versus 7] for various values of the nondimensional

&

Plots of M oana
Mo OF
load parsmeter m are shown in Figs. 2 and 3, respectively. Note that results

obtained including effects of Nx on local bending imply that computed values

of the discortimiity bending moment and shear are significantly reduced and

b




increased, respectively, over corresponding values obtained by neglecting

pressure coupling effects. For example, consider the following case:

a =20"
h, = 0.10"
~h, =0.20"
p =200 psi
E =10x10Ppsi
v =0.3

Thus
'm =0.5, m=0.661
| and from Figs. 2 and 3

Mg = 0.T5 My, Q=1.39.Q,

- Consequently in this instance the discontimuity momen;ts and shears computed 'by_ .
neglecting coupliﬁg effects of ﬁeridional l1oad are in érror 'by ‘approximately 251;
and 39%, respectively'. | | | |
The stresses have not been discussed in this report. However, preliminary
caleulations indicate that the maximum stress é.lways occurs in the thinnér shell.
For small values of 7 the longitudinal stress governs the design, vwhereas for
large values of 7 the hoop stress governs. Also, it was found that computed

values of the maximm stress are reduced when pressure coupling effects are .:'Ln-

cluded 1n the analysis.. In practice it is recommended that the maximum stress be
computed by using Egs. [6] in conjunction with the techniques outlined by
Grossman (7) and Smith (8).
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Fig. 1 Shell juncture .
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